Renormalization-group methods provide a viable approach for investigating the emergent collective behavior of classical and quantum statistical systems in both equilibrium and nonequilibrium conditions. Within this approach we investigate here the dynamics of an isolated quantum system represented by a scalar φ 4 theory after a global quench of the potential close to a critical point. We demonstrate the emergence of a transient short-time scaling regime for deep quenches, which is dynamically destabilized by additional relevant terms. This unusual nonthermal regime is characterized by the emergence of short-time universal exponents in the time dependence of the relevant dynamical correlations, which we calculate at the lowest order in a dimensional expansion.
I. INTRODUCTION
The nonequilibrium dynamics of isolated, strongly interacting quantum many-body systems is currently under intensive experimental and theoretical investigation (see, e.g., Refs. [1] [2] [3] ), primarily motivated by recent advances in the physics of cold atomic gases [4] . A natural question which arises in this context concerns the eventual thermalization of these systems after a sudden change (quench) of a control parameter. In fact, even though isolated systems evolve with unitary dynamics [5, 6] , their local properties can be described, after some time, by suitable statistical ensembles [7] [8] [9] . Interestingly enough, the eventual approach to a thermal state might involve intermediate pre-thermal quasistationary states, proposed theoretically [10] and experimentally observed [11] [12] [13] . These states appear to be related to the integrable part of the post-quench Hamiltonian [14] [15] [16] [17] [18] [19] [20] [21] , which alone [22] would drive the system towards a state, sometimes well described by the so-called generalized Gibbs ensemble (GGE) [23] [24] [25] [26] [27] [28] [29] [30] [31] . Inspired by the analogy with renormalization-group (RG) flows, prethermalization has been ascribed to a non-thermal unstable fixed-point [32] [33] [34] towards which the evolution of the system is attracted before it crosses over to the eventual, stable, thermal fixed point.
While most of the properties of an isolated system after a quench depend on its microscopic features, some acquire a certain degree of universality if the post-quench Hamiltonian is close to a critical point. Examples include the density of defects [1] , dynamics of correlation functions [19, 35] , statistics of the work [36] [37] [38] , rephasing dynamics [39] , and dynamical phase transitions [40] [41] [42] [43] [44] [45] [46] [47] . Despite this progress, an important open issue is the possible emergence of a universal collective behavior at macroscopic short-times controlled by the memory of the initial state, i.e., a kind of quantum aging. This is known to occur in the presence of a thermal bath both for classical [48] [49] [50] [51] and, more recently, quantum [52, 53] statistical systems after a temperature quench which breaks the time-translational invariance (TTI) characteristic of equilibrium dynamics. The "temporal boundary" introduced by the quench allows the emergence of such a short-time universal scaling, similarly to the case of spatial boundaries in equilibrium systems [54] [55] [56] . Here we investigate the extent to which this dynamical feature carries over to quantum systems on their way to (a possible) thermalization in the absence of a thermal bath.
At the lowest order in a dimensional expansion, we construct the RG equations for an isolated quantum system after a quench and we discuss the resulting RG flow, comparing it with the equilibrium one at a certain effective temperature T eff . Similarly to the case of dissipative systems alluded to above, we show the appearance of universal algebraic laws associated with a non-thermal fixed point approached shortly after a deep quench, which determines the temporal scaling of the relevant correlation functions, and which is later on destabilized by the dynamics.
II. THE MODEL
We consider a system with Hamiltonian
where u > 0, φ is a scalar bosonic field with bare square mass r and Π its conjugate momentum. H is the continuum limit of a d-dimensional lattice of coupled anharmonic oscillators. The system is prepared at t < 0 in the ground state of the non-interacting Hamiltonian H 0 ≡ H(Ω 2 0 , 0) with Ω 0 > 0 and at time t = 0 the parameters are suddenly changed, resulting in the postquench Hamiltonian H ≡ H(r, u). (Below we assume thatφ(t) ≡ φ vanishes during the dynamics.) H for u = 0 as well as H 0 can be diagonalized in momentum space in terms of two sets of creation/annihilation operators with dispersion relation ω k (r) = √ k 2 + r ≡ ω k and ω k (Ω related by a Bogoliubov transformation [57] . The corresponding retarded (R) and Keldysh (C) nonequilibrium Green's functions [58] 
for u = 0 and in Fourier space, where t ± = t 1 ± t 2 and
Note that C (but not R) depends on the state before the quench and is not TTI. Hereafter we primarily focus on the case of a deep quench Ω 0 Λ, where Λ is the momentum cutoff introduced further below. The stationary part Ω 0 cos(ω k t − )/(2ω 2 k ) of iC turns out to have the same form as the equilibrium iC [57] at high temperature T = Ω 0 /4 Λ (see also Refs. [59, 60] ). A similar conclusion holds for the (nonthermal) occupation number n k of the post-quench momenta, which is approximately thermal at low momenta. Accordingly, the possible emerging collective behavior of the system after the quench is expected to bear some similarities to the equilibrium transition. The latter occurs at a value r * eq (T ) of r which depends on the temperature T [61] [62] [63] and it displays the critical properties of its universality class in d spatial dimensions for T > 0, in contrast to the d + 1 dimensions at T = 0. Thus, after the quench, one expects a collective behavior to emerge at some value r * (Ω 0 ) of r, with an upper critical dimensionality d c = 4. In addition, the non-stationary part −Ω 0 cos(ω k t + )/(2ω 2 k ) of iC (absent in equilibrium) turns out to be responsible for the short-time universal scaling behavior investigated below.
III. RENORMALIZATION-GROUP FLOW
In order to highlight the emergence of dynamical scaling after the quench, we study the RG flow of the relevant couplings within a perturbative approach based on the Schwinger-Keldysh formalism [58] . In particular, from H in Eq. (1) we construct the action describing the nonequilibrium behavior of the system. Then we determine the effective action for the "slow modes" by integrating out the fast ones characterized by a momentum k within a shell of infinitesimal thickness below the large-momentum cutoff Λ. Subsequently, spatial coordinates, time, and fields are rescaled in order to restore the initial cutoff Λ: from the resulting coupling constant one infers the RG equations [64, 65] . An analogous procedure was recently carried out after a quench in d = 1 [19, 66] . The one-loop RG equations up to the first order in u and at intermediate times (Λ −1 t t * with t * discussed later) are
and > 0 is the flow parameter which rescales coordinates and times as (x, t) → (e − x, e − t). These RG equations encompass the cases of shallow (Ω 0 Λ) and deep (Ω 0 Λ) quenches. In the former, inspection of Eq. (4b) shows that the effective coupling constant is uΛ d−3 and therefore the upper critical dimensionality is d c = 3, i.e., the same as in equilibrium at T = 0. In the latter, instead, the effective coupling is Ω 0 uΛ d−4 ≡ 16g/a d and, correspondingly, d c = 4. This kind of dimensional crossover is similar to the one occurring in equilibrium quantum systems upon varying T [61] [62] [63] (or in classical statistical systems in spatial confinement, see, e.g., Ref. [67] ). However, while for equilibrium systems T does not flow under RG [63] due to the presence of the thermal bath, in the present case Ω 0 is renormalized by the interaction because of the non-stationary terms in iC. In particular, for a deep quench, the flow of Ω 0 calculated as outlined above is
Correspondingly, g ∝ Ω 0 u flows according to Eqs. (4b) and (5), which yield, together with Eq. (4a),
where ≡ 4 − d and ρ ≡ r/Λ 2 . Equations (6) and (5) establish a flow in the (ρ, g, Ω 0 )-space and they admit an Ω 0 -independent non-Gaussian fixed-point P ≡ (ρ * , g
2 ) in the (ρ, g)-plane, which, for > 0, is approached upon increasing if the flow starts from a point on the stable manifold (critical line) associated with P (see Appendix A). By linearizing Eqs. (6) around P , one determines the exponent ν = 1/2 + /14 + O(
2 ) controlling the flow along the unstable direction in the (g, ρ)-plane, which differs from the equilibrium value
0 ( ) of H keeps flowing, in contrast to the cases of quenches of classical or quantum systems in contact with thermal baths in which the temporal boundary does not affect the behavior of u [48, 49, 52] .
Note that Eq. (5) implies that Ω 0 ( ) simultaneously decreases as Ω 0 ( ) Ω 0 e −g * . Due to this downward flow of Ω 0 ( ), the deep-quench regime is eventually left for Fig. 1 , with g restarting its flow possibly towards another fixed point. In order to understand heuristically the eventual fate of Ω 0 ( ) note that in the opposite case of a shallow quench Ω 0 Λ a dimensional crossover towards d c = 3 occurs and therefore for d 4 > d c the scaling is determined by the Gaussian fixed point, which implies dΩ 0 /d = Ω 0 , i.e., Ω 0 ( ) ∝ e as increases (lower solid line in Fig. 1 ). These two competing trends for Ω 0 Λ and Ω 0 Λ (which are qualitatively unaffected by the actual value of ρ and g), suggest that Ω 0 ( ) might eventually approach a constant at large (see Fig. 1 ), as we assume below.
In the regime > dq , where Ω 0 has stopped flowing, Eqs. (4) RG equations of the quantum system in equilibrium at T = 0 (see, e.g., Ref. [61] ) in the classical regime (i.e., for large such that Λe − ≤ T ) in which T does not renormalize [63] , with Ω 0 playing the role of a temperature (see Appendix B). In particular, the former and the latter admit the fixed points
, respectively, of (r, u) which describe dynamical and equilibrium scaling behaviors emerging when r in Eq. (1) approaches r * dy,eq . Remarkably, up to this order in perturbation theory, the critical exponents ν derived from these RG equations are the same and they equal ν eq . In addition, as discussed in Appendix B, one can define a sort of effective temperature T = T eff (Ω 0 ) such that the systems which are critical under equilibrium conditions are also critical after the quench. This implies that the (linearized) critical lines of Q and Q eq in the (r, u)-plane are the same, though Q(Ω 0 ) = Q eq (T eff (Ω 0 )). Only for Ω 0 Λ, these two fixed-points coincide, with T eff = Ω 0 /4 and r *
Λ, see Appendix B.) In this respect and up to this order in perturbation theory, the dynamical transition (in the notion of Refs. [40] [41] [42] ) has some of the features of the equilibrium transition occurring at T eff , though differences could emerge at higher orders in perturbation theory or in quantities which depend on Q or on the post-quench distribution at short length scales, which is definitely not thermal [45] (see further below). It also remains to be seen whether T eff has any thermodynamic or dynamic role in the system, e.g., entering into fluctuationdissipation relations [68, 69] .
The RG flow discussed above can be readily translated into a temporal evolution, by taking into account that while the flow parameterized by progresses, the temporal dependence of the quantities of interest (e.g., C and R) is rescaled as t → e − t and therefore ∝ ln(Λt) sets the temporal scale. As a consequence, for instance, Ω 0 acquires an algebraic dependence on time within the deep-quench regime, i.e., Ω 0 (t) ∼ t −g * , which eventually affects the behavior of C; correspondingly, the deepquench regime is left for Λt Λt dq = (1/g * ) ln(Ω 0 /Λ). The RG Eqs. (4) and (5) have been derived under the assumption that inelastic scattering does not occur, at least in the early stages of the evolution, and that the dynamical exponent keeps its initial value z = 1. In fact, up to this order in perturbation theory, the tadpole is the only relevant diagram which is responsible for the occurrence of elastic dephasing during the time evolution and, for a deep quench, it results in the scaling behavior discussed above. However, the RG transformations also generate relevant dissipative terms which are expected to drive the system to thermal equilibrium [70, 71] . In the present case, they appear as secular terms growing in time, eventually spoiling the perturbative expansion (unless they are properly resummed [32, 72, 73] ), and changing the dynamical exponent z towards the diffusive value z 2. Nonetheless, these terms -which are absent immediately after the quench and are therefore generated perturbatively -turn out to be small (up to this order in perturbation theory) at short times Λt Λt * = 1/g * −1 , which include the range of times within which the short-time scaling behavior associated with P sets in. Note that dissipative terms are not actually generated in the cases studied in Refs. [43] [44] [45] , whose relevant fluctuations are Gaussian; correspondingly, the scenario sketched in Fig. 1 should apply at all times.
IV. SHORT-TIME SCALING OF VARIOUS QUANTITIES
The emergence of a short-time scaling after a deep quench is also revealed by a perturbative calculation of iC and R for k = 0, g = g * , and r = r
2 ) (note that r * slightly differs from r * dy (Ω 0 Λ) discussed above, see also Appendix A). In fact, within the deep-quench regime, it turns out that for t 2 t 1 and up to O(g * 2 ),
This algebraic dependence on time is analogous to the one observed in classical [49] and quantum [52] systems undergoing aging in contact with a thermal bath, with an initial-slip exponent θ. As in classical systems, θ can be related to the anomalous dimension of the fields at the temporal boundary introduced by the quench [74] .
The algebraic behavior discussed above affects also other relevant quantities. Consider, for instance, the response function R as a function of the spatial distance x = |x 1 − x 2 |. For u = 0, its expression R (0) (x, t 1 − t 2 ) is TTI and it shows typical light-cone 
, while decaying rapidly inside the light-cone for x t 1 − t 2 , and being vanishingly small outside it for x t 1 − t 2 . At one loop, R acquires an algebraic behavior for t 2 t 1 , i.e., R(
. Analogously, the dynamics of the order parameter φ(t) ≡ φ can be studied by adding a small symmetry breaking field in the pre-quench Hamiltonian H(
1. The time evolution ofφ due to the post-quench Hamiltonian H in Eq. (1) (with no symmetry-breaking field) is determined by
, i.e., the shorttime evolution ofφ is controlled by θ and corresponds to an initial increase of the order with time.
The momentum distribution n k of the quasi-particles also shows signatures of the exponent θ. Immediately after the quench, n k takes the expected form of a GGE with a momentum-dependent effective temperature T k eff [59, 75] which becomes independent of k and equal to T eff (Ω 0 ) for deep quenches. Interactions eventually modify this behavior. In particular, within the deepquench regime with g = g * and at the critical point r = r * , a perturbative calculation yields n k (t) + 1/2 = (Ω 0 /Λ)(Λ/k) 1−2θ f (kt), where the scaling function f can be consistently estimated up to O( ) as the exponential of the one-loop correction and is such that f (x 1) x −2θ , with a finite value for x 1. Accordingly, at a certain time t, n k (t) + 1/2 as a function of k crosses over from an algebraic behavior ∼ k
This crossover is shown in Fig. 2 along with a plot of f (x). It is interesting to note that the dynamics of n k (t) in Fig. 2 closely resemble the one observed at non-thermal fixed points (see, e.g., Ref. [76] ).
V. O(n) AND SPHERICAL MODELS
This perturbative RG analysis can be extended to a Hamiltonian (1) involving n-component fields φ and Π with an O(n)-symmetric interaction u( φ· φ ) 2 /(4! n). This generalization allows us to take the n → +∞ limit and compare our perturbative results up to O(
2 ) with the exact solution of the spherical model. While several studies on this model recently appeared [43] [44] [45] , its short-time universal properties have yet to be explored. Here we fill this gap by highlighting how the results discussed above for n = 1 generalize to n 1. A more detailed discussion will be presented elsewhere [74] . In the deep-quench regime, the corresponding RG equations for Ω 0 and ρ are given by Eqs. (5) and (6a) with g → g/3, while the one for g is given by Eq. (6b) with g → g/7. As before, a short-time fixed point P ∞ = (ρ * , g * ) = (− /3, ) + O( 2 ) emerges for Ω 0 Λ and, correspondingly, R and iC acquire logarithmic corrections at one-loop which can be resummed via RG. As a result, R(k = 0, t 1 t 2 ) and iC(k = 0, t 1 , t 2 ) display the same scaling behavior as in the case n = 1 discussed above but with θ replaced by θ ∞ = g * /6 = /6 + O( 2 ). Analogously, in the presence of a tiny initial valueφ(0 − ), the order parameterφ grows algebraically in time with exponent θ ∞ .
VI. CONCLUSIONS
The RG analysis presented here demonstrates in a simple setting the emergence of a novel scaling behavior after a deep quench of an isolated quantum system. This phenomenon, due entirely to elastic dephasing, is an example of a macroscopic short-time non-thermal fixed point; the corresponding behavior of various physical observables is controlled by a universal exponent θ, which we calculated at the first order in a dimensional expansion. The non-thermal fixed point is eventually destabilized by the dynamics itself, which crosses over towards a different thermal-like regime before eventual thermalization occurs, the latter being driven by dissipative terms generated in the effective action.
As the scaling regime unveiled here occurs at short times, its numerical investigation should not be hampered by the computational limitations which typically prevent the investigation of the post-quench dynamics at long times. In addition, our predictions can be tested, e.g., in experimental realizations of the Bose-Hubbard model, belonging to the O(2) universality class. This model can be actually simulated via ultra-cold atoms in optical lattices [5, 77, 78] or strongly correlated photons/polaritons in arrays of optical cavities [79] . Remarkably, in recent experiments, systems with SU (n) symmetry have been successfully realized [80, 81] . These may also serve as possible testing ground to probe the emergence of a short-time universal collective behavior.
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and the flow equations for g and ρ are provided by Eqs. (6), which are actually independent of ω 0 at least as long as ω 0 ( ) 1. These equations admit the nonGaussian fixed point P = (ρ * , g * ) = (− /7, /7) + O( 2 ) in the (ρ, g)-plane, which is indicated by the black vertical line in the (ρ, g, ω 0 )-space represented in Fig. 3(a) . By linearizing Eqs. (6) around P , one finds that the projected flow on the (ρ, g)-plane is characterized by a stable direction s P = (1−3 /28, −1−3 /28)/ √ 2+O( 2 ) and by an unstable one u P = (1, 0), with eigenvalues − + O( 2 ) and 1/ν, respectively. These directions are indicated in Fig. 3(a) by the pairs of arrows pointing, respectively, towards (blue) and away from (red) the vertical line associated with P . These arrows lie on the corresponding stable and unstable manifold of P , which are indicated in the figure by the two vertical planes in the (ρ, g, ω 0 )-space. As expected, if the RG flow originates for = 0 from a point O which is very close to the stable manifold, the corresponding evolved point (ρ( ), g( ), ω 0 ( )) proceeds downwards and it approaches, as increases, the stable line which projects onto P , such that the evolution occurs with g( ) g * . However, for larger values of , the initial (small) distance from the stable manifold is amplified and the trajectory leaves the vertical line along the unstable manifold, as indicated by the solid (green) line in Fig. 3(a) . A sketch of the projection of this trajectory onto the (g, ω 0 )-plane is provided in Fig. 1 . Within the range of values of for which g( ) g * , a scaling behavior emerges in the relevant physical quantities and in particular in ω 0 ( ) ∝ e −g * (see Eq. (A1)). As we discussed in the main text, upon increasing , ω 0 ( ) decreases and therefore the deep quench regime is left for In panel (a) , the location on the (ρ, g)-plane of the fixed point P is independent of ω0 and the corresponding stable (blue) and unstable (red) manifolds are vertical planes. The RG trajectory originating from a point O close to the stable manifold is indicated by the green line. In panel (b) the RG flow occurs with constant ω0 and, upon varying ω0, one identifies a line of fixed points Q (black solid curve), with the associated stable (blue) and unstable (red) manifolds. The vertical black line corresponds to the fixed point P of panel (a), while the RG trajectories of a sample of initial points O1, . . . , O5 at various values of ω0 on that line are indicated in green. See the main text for additional explanations. The curves and surfaces presented in these two panels have been obtained by setting = 1 in the perturbative RG Eqs. (6) and (5) (panel (a)) or (B1) (panel (b) ).
These equations determine a flow in the (ρ, g, ω 0 )-space which actually occurs at constant ω 0 , i.e., separately on the various (ρ, g)-planes. On each of these planes there is a non-Gaussian fixed point Q(ω 0 ) = (ρ * dy (ω 0 ), g * dy (ω 0 )) (which is stable for > 0) with ρ *
. This family of fixed points in the (ρ, g, ω 0 )-space is indicated by the black curve in Fig. 3(b) , whose projection on the (ρ, g)-plane is indicated by the gray curve, together with its vertical asymptote for ω 0 1. Note, however, that larger values of ω 0 correspond to the deepquench regime previously discussed, which is controlled by a different set of flow equations and which makes ω 0 flow towards smaller values. By linearizing Eqs. (A2) around Q(ω 0 ), one finds that the flow occurring at constant ω 0 is characterized on the (ρ, g)-plane by a stable direction ( 2 ) = 1/ν eq , respectively. These directions are indicated in Fig. 3(b) by various pairs of arrows pointing, respectively, towards (blue) and away from (red) the curve associated with Q. These arrows lie on the corresponding stable and unstable manifold of Q, indicated in the figure by the red and blue surfaces, respectively. The vertical black line in Fig. 3(b) corresponds to the same deep-quench fixed-point P as in panel (a), extrapolated to values of ω 0 which are not necessarily within the deep-quench regime. Under the effect of the flow in Eq. (A2) it turns out that the points (e.g., O 1 , . . . , O 5 ) along that line -which in principle might be reached by following the flow characterizing the deep-quench regime -will eventually flow towards the large-ρ fixed point, while keeping their original value of ω 0 . This behavior is highlighted by the five green curves in panel (b), which originate on the line corresponding to P for various values of ω 0 at O 1 , . . . , O 5 , and which eventually approach the unstable manifold associated with Q as the RG flow proceeds. Although it seems that starting from a point on the stable manifold of the deep-quench regime (see Fig. 3(a) ) its flow is inevitably driven towards the large-ρ fixed point once the flow of ω 0 stops (see Fig. 3(b) ), this might not actually be the case. In fact, as depicted in Fig. 3(a) , a trajectory which starts close to that manifold might first display the scaling behavior of P and then be driven towards the small-ρ phase along the corresponding unstable manifold, which actually intersect the stable one of the family of fixed points with constant ω 0 . As a result, depending on how the flow of ω 0 actually stops, it should be possible to find suitable initial conditions in the deep-quench regime such that their flow is first affected by P and then it reaches the fixed point Q.
In order to have a complete picture of the flow in the (ρ, g, ω 0 )-space which encompasses both the deep-quench regime ω 0 1 and the stationary one with ω 0 1 one would need to extend the flow equation for ω 0 reported in Eq. (5) beyond the case ω 0 1. However, this is difficult because corrections to Eq. (5) would induce a change of the Gaussian scaling towards the shallow quench regime and therefore they would inevitably imply the discussion of the corresponding dimensional crossover (reducing the upper critical dimensionality d c from 4 to 3), which is still an open issue, both for quantum systems at finite temperature [61, 62] and for classical statistical systems in confined geometries [67] .
Appendix B: Equilibrium RG flow at finite temperature
The RG Eqs. (4) after a quench can be cast (with d c = 4) in the form [74] 
where Eq. (3) ). As we mentioned in the main text, this stationary contribution to iC turns into the correlation function of the system in equilibrium at temperature T = β −1 by replacing K + in Eq. (3) with coth(βω k /2) [57] . Remarkably, it turns out that the RG equations for this latter case are simply given by Eqs. (B1) with
2 ) (where we assume that no other parameter beyond r flows in F ), which render Q(Ω 0 ) = (r * dy (Ω 0 ), u * dy (Ω 0 )) and Q eq (T ) = (r * eq (T ), u * eq (T )), for F = F Q (r) and F = F eq (r), respectively, discussed in the main text. A linearization of Eqs. (B1) shows that the eigenvalues of the stable (s) and unstable (u = (1, 0) + O( )) directions are given by − and 1/ν eq , independently of the form of F , which actually affects only s ∝ (−F (0), 2) + O( ) via F (0). Accordingly, at least up to this order in perturbation theory, the exponent ν of the transition occurring either after the quench for fixed Ω 0 or in equilibrium at temperature T are the same, independently of Ω 0 , T , and of the fact that the corresponding values of u * differ generically. However, it is actually possible to define an effective temperature T = T eff (Ω 0 ) such that the systems which are critical after the quench (with Ω 0 constant) are critical also in equilibrium at temperature T eff (Ω). In order for this to occur, it is necessary that the stable manifolds in the (ρ, g)-plane of the RG Eqs. ) and those in equilibrium at temperature T . As explained in the main text, one can define an effective temperature T eff (Ω0) for the system after the quench such that the corresponding fixed point Q(Ω0) has the same stable manifold as the equilibrium fixed point Qeq(T eff (Ω0)). Panel (a) shows Q(Ω0) and Qeq(T eff (Ω0)) in the (ρ, g)-plane plotted parametrically by increasing Ω0/Λ from 0 to ∞, as indicated by the corresponding endpoints of the curves. For a given Ω0, the straight lines represent the common stable manifold of these two fixed points, with Ω0 varying from 0.5 (lower line) to 6.5 (upper line) in steps of 0.5. For comparison, we report also the location of the deepquench fixed point P (gray dot) and the corresponding stable manifold (gray dashed line). Panel (b) shows as a solid line the effective temperature T eff as a function of Ω0, together with its asymptotic expressions for Ω0 Λ (grey dashed curve) and Ω0 Λ at the leading order (black dash-dotted line) and including the first correction (black dashed curve). See the main text for additional details. F = F eq and F = F Q are the same. After a linearization of Eqs. (B1) with fixed Ω 0 or T , these manifolds are straight lines, characterized by the direction s and joining the corresponding fixed points with the Gaussian one G ≡ (0, 0). Accordingly, up to O( ) in perturbation theory, they coincide if s| F =Feq = s| F =F Q , i.e., if the condition F Q (0) = F eq (0) is fulfilled; this implies that Q(Ω 0 ) − Q eq (T eff (Ω 0 )) is along s with, generically, Q(Ω 0 ) = Q eq (T eff (Ω 0 )). The condition F Q (0) = F eq (0) amounts to requiring that Figure 4(a) shows the location of the fixed points Q(Ω 0 ) (lower solid blue curve) and Q eq (T eff (Ω 0 )) (upper solid red curve) in the (ρ, g)-plane upon varying Ω 0 from 0 to ∞, as indicated at the corresponding endpoints of the two curves. The straight lines correspond to the common stable manifold of Q(Ω 0 ) and Q eq (T eff (Ω 0 )) for Ω 0 /Λ varying from 0.5 (lower straight line) to 6.5 (upper straight line) with increments in steps of 0.5. As we mentioned above, although T eff (Ω 0 ) has been determined in such a way that, for a fixed Ω 0 , Q(Ω 0 ) and Q eq (T eff (Ω 0 )) have the same stable manifold, these two fixed points clearly differ but tend to coincide for Ω 0 Λ. In the opposite case of a shallow quench Ω 0 Λ (alternatively, T eff Λ), instead, a dimensional crossover occurs which changes d c from 4 to 3 in Eqs. (4) and it spoils the results of the dimensional expansion in the figure, as indicated by the dashing. For completeness we report also the position of the fixed point P of the deep-quench regime (gray dot) and the corresponding stable manifold (gray dashed line). Although, generically Q(Ω 0 ) differs also from P , up to this order in perturbation theory, they share the stable manifold for Ω 0 Λ. Figure 4(b) shows the effective temperature T eff (solid line) in Eq. (B2) as a function of Ω 0 /Λ, together with its asymptotic behavior for Ω 0 /Λ 1 (grey dashed line) and for Ω 0 /Λ 1 both at the leading order, i.e., T eff = Ω 0 /4 (black dash-dotted line) and upon including the first correction (black dashed line), which are all discussed above, after Eq. (B2).
